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SUPPLEMENTAL MATERIAL AND METHODS 

Materials. The following materials were obtained from the source indicated.  L-

Glutamic acid monosodium salt; arachidonic acid; dimethyl sulfoxide; L-

buthionine-[S,R]-sulfoximine; (Sigma St. Louis, MO); baicalein; 5,6,7,-

Trihydroxyflavone (BL15; Oxford Biomedical Research, Oxford, MI); herbimycin 

A, geldanamycin, PP2, PP3 (EMD Biosciences, San Diego, CA); Fluro-Jade® B 

(Chemicon International, Temecula, CA); α-tocotrienol (90%, Carotech, 

Malaysia); Tocomin (50% tocotrienol, Carotech, Malaysia); 12-Lipoxygenase 

from porcine leukocytes (Biomol Research Laboratories Inc., Plymouth Meeting, 

PA). For cell culture, Dulbecco’s Modified Eagle Medium, Minimum Essential 

Medium, fetal calf serum and penicillin and streptomycin were purchased from 

Invitrogen Corporation, Carlsbad, CA. Culture dishes were obtained from 

Nunc,Denmark.  

Cell culture. Mouse hippocampal HT4 neurons. Cells were grown in Dulbecco's 

modified Eagle's medium supplemented with 10% fetal calf serum, 100 units/ml 

penicillin, and 100 µg/ml streptomycin at 37 °C in a humidified atmosphere of 

95% air and 5% CO2 as described previously 1-3. Primary cortical neurons. Cells 

were isolated from the cerebral cortex of rat feti (Sprague-Dawley, day 17 of 

gestation) as described 3, 4. After isolation from the brain, cells were counted and 

seeded on culture plates at a density of 2–3 x 106 cells/35-mm plate 4. Cells were 

grown in minimal essential medium supplemented with 10% heat-inactivated fetal 

bovine serum, 40 µM cystine, and antibiotics (100 µg/ml streptomycin, 100 

units/ml penicillin, and 0.25 µg/ml amphotericin). Cultures were maintained at 37 
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°C in 5% CO2 and 95% air in a humidified incubator. All experiments were carried 

out 24 h after plating. 

 

Treatment with neurotoxic agents. Immediately before experiments, the culture 

medium was replaced with fresh medium supplemented with serum and 

antibiotics. Glutamate (10 mM) was added to the medium as an aqueous solution 

1, 3. No change in the medium pH was observed in response to the addition of 

glutamate 1, 3. Other agents used to induce death in neuronal cells are described 

in the pertinent figure legends.   

 

Vitamin E treatment. Stock solutions (103X of working concentration) of α-

tocotrienol were prepared in ethanol. Respective controls were treated with equal 

volume (0.1%, v/v) of ethanol. α−Tocotrienol was added to the culture dishes 5 

min before glutamate 1, 3. 

 

Determination of cell viability. The viability of cells in culture was assessed by 

measuring lactate dehydrogenase (LDH) leakage 5 from cells to media 24 h 

following glutamate treatment using in vitro toxicology assay kit from Sigma 

Chemical Co. (St. Louis, MO, USA). The protocol has been described in detail in 

a previous report 5. In brief, LDH leakage was determined using the following 

equation: LDH leakage = LDH activity in the cell culture media / total LDH activity 

(i.e., LDH activity of cells in monolayer + LDH activity of detached cells + LDH 

activity in the cell culture media) 1, 3. 
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Microinjection of vitamin E.  HT4 cells (0.2x106/plate) were grown in 35 mm 

plates for microinjection 24h prior to injection.  Microinjection was performed 

using a micromanipulator Femtojet  B 5247 and Injectman NI 2  (Eppendorf, 

Hamburg, Germany) with a 80 hPa of pressure  and 0.1 s of time. The 

compensation pressure during injection was 40 hPa. The glass micropipettes 

(Sterile femtotip I, Eppendorf) used for injection were with 0.5 µm inner and 1 µm 

outer diameter. Primary cortical neurons (2.5-3.0x106/plate) were grown in 35 

mm plates for microinjection 24h prior to injection.  Microinjection was performed 

using a micromanipulator Femtojet B 5247 and Injectman NI 2 (Eppendorf, 

Hamburg, Germany) with a 50 hPa of pressure and 0.1 s time setting. The 

compensation pressure during injection of primary cells was 30 hPa. The glass 

micropipettes (Sterile Femtotips II, Eppendorf) used for injection were with 0.5 

µm inner and 0.7 µm outer diameter. As indicated in the respective figure 

legends, α-tocotrienol or α-tocopherol were co-injected with QDot streptavidin 

conjugate with the emission maximum near 605 nm (Quantum Dot Corporation, 

Hayward, CA). Qdot streptavidin conjugate was used as a fluorescent marker to 

recognize injection site. Digital images were collected using a specialized phase 

contrast as well as fluorescent Zeiss Axiovert 200M microscope suited for 

imaging cells growing in routine culture plates 3, 6. The microscope was especially 

setup for live cell imaging as described previously 7. The sample stage was 

maintained at 37oC and the sample gas environment was maintained exactly as 

in the culture incubator. 
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Determination of 12-lipoxygenase phosphorylation. For immunoprecipitation, 

HT4 cells (0.7x106 cells /plate) were seeded in 100 mm plates and primary 

cortical neurons (2-3x106 cells /plate) were seeded in 35 mm plates. To inhibit 

protein tyrosine phosphatase activity, cells were treated with 0.15 mM sodium 

orthovanadate (Sigma) for 15 min. After this, cells were either treated or not with 

250 nM -tocotrienol or 1µM herbimycin A followed by challenge with either 

glutamate or BSO and arachidonic acid for different time interval under standard 

culture conditions as indicated in the respective figure legends. During harvest, 

cells were washed with ice-cold phosphate-buffered saline (pH 7.4) and lysed 

with 0.25 ml of lysis buffer according to manufacture instructions (Cell Signaling 

Technology, Inc. Beverly, MA). Immobilized phospho-tyrosine mouse mAb (P-

Tyr-100, Cell Signaling Technology, Inc. Beverly, MA) was used to 

immunoprecipitate tyrosine-phosphorylated proteins. P-Tyr-100 was immobilized 

via the conjugation of carbohydrates to cross-linked agarose hydrazide beads. 

The antibody does not cross-react with proteins phosphorylated on serine or 

threonine. The immunoprecipitated proteins were separated on a 10% SDS-

polyacrylamide gel electrophoresis, and probed with anti-12-Lox polyclonal 

antiserum (Cayman Chemical Co., Inc., Ann Arbor, MI).  In this context note that 

we could not find any suitable antibody against 12-Lox that could be used to 

immunoprecipitate the protein. Thus, we chose to immunoprecipitate with anti-

phosphotyrosine antibody followed by Western Blot for 12-Lox. 
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Determination of 12-lipoxygenase tyrosine phosphorylation in Src 

transfected cells.  Following 18 h of seeding, HT4 cells were transfected with an 

eukaryotic expression vector containing mouse Src (dominant negative, activated 

or kinase-dead) cDNA under the control of a cytomegalovirus promoter (Upstate 

Biotechnology, Inc., Lake Placid, NY). Dominant negative (DN) c-Src 

(K296R/Y528F) mutant has two mutations, an arginine for lysine substitution 

(K296R) in the ATP binding pocket of the tyrosine kinase domain that abolishes 

phosphotransferase activity, and a phenylalanine for tyrosine substitution 

(Y528F) that abolishes phosphorylation, thereby preventing intramolecular 

interaction between the C-terminus and the SH2 domain of c-Src. The kinase 

activating mutation (Y529F) is a substitution of phenylalanine for tyrosine at 

position 529. The kinase-inactivating mutation (K297R) is a substitution of 

arginine for lysine at position 297. Lipofectamine 2000 reagent (Qiagen, 

Valencia, CA) was used to carry out the transfection process that lasted for 24h. 

The cells were then harvested and seeded for treatment with glutamate. To 

inhibit protein tyrosine phosphatase activity, cells were treated with 0.15 mM 

sodium orthovanadate (Sigma) for 15 min. After this, cells were treated with 

glutamate (10mM) for 15 minutes under standard culture conditions. Cells were 

washed with ice-cold phosphate-buffered saline, pH 7.4 and lysed with 0.25 ml of 

lysis buffer according to manufacture instructions (Cell Signaling Technology, 

Inc. Beverly, MA). Data substantiating the efficiency of Src gene transfer in these 

cells has been reported previously 1. Tyrosine phosphorylation on 12-Lox was 

detected as described above. 
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Assay for c-Src dependent phosphorylation of 12-lipoxygenase in vitro  

12-Lox (12.5 µl = 60µg; Biomol Research Laboratories Inc., Plymouth Meeting, 

PA) and 125µM ATP (0.5µl) were mixed with 5 µl of kinase assay buffer (25mM 

Tris-HCl, ph 7.5, 10 mM MgCl2, 0.1mM sodium orthovanadate, 2mM DTT, 5mM 

β-glycerophosphate) per reaction. The reaction was started with the addition of 

recombinant c-Src (6 units/reaction, Upstate Cell Signaling Solutions, Lake 

Placid, NY). The reaction was allowed for 30 minutes at 30oC in dark. The 

reaction was stopped with 5X electrophoresis buffer, boiled for 5 minutes, 

subjected to 10% SDS-polyacrylamide gel electrophoresis, and probed with 

phospho-tyrosine mouse mAb (P-Tyr-100, Cell Signaling Technology Inc., 

Beverly, MA). As required, membranes were stripped and re-probed with anti-12-

Lox polyclonal antiserum (Cayman Chemical Inc., Ann Arbor, MI) or anti-c-Src 

(Upstate Cell Signaling solutions, Lake Placid, NY). When required, 

pharmacological inhibitors such as 35 µM herbimycin or 0.45 mM PP2/PP3 were 

added to the reaction mixture. Matched volume of the solvent DMSO was added 

to the corresponding control samples.   

 

Determination of 12-lipoxygenase activity 

The in vitro activity of 12-lipoxygenase was assayed using a standard 

spectrophotometric method to measure the increase in the formation of 

conjugated dienes from the substrate arachidonic acid as described 8, with minor 

modifications as specified below. In order to ensure greater solubility of 
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arachidonic acid and to minimize the use of ethanol in the assay medium, the 

potassium salt of arachidonic acid was freshly prepared by mixing arachidonic 

acid with 0.1 M KOH (1:1) and used within 30 min of preparation. The final assay 

mixture (total volume of 1 ml) contained 10 µM of AA (10 µl from 1 mM stock) 

and 2 units of 12-Lox (porcine leukocyte enzyme, non-phosphorylated or 

phosphorylated) in 100 mM Tris-HCl buffer (pH 7.4). Wherever required, 10 µM 

of α-tocotrienol (1 µl from 10 mM stock) was also included in the reaction 

mixture. The mixture was then gently mixed and reaction was started adding the 

enzyme. At the end of the first min of incubation at 37 ºC, absorbance of the 

reaction mixture was measured at 234 nM (as an index of formation of 

conjugated dienes), against appropriate blanks prepared under identical 

conditions, using a Shimadzu model UV-2401PC spectrophotometer. The activity 

of 12-Lox was calculated from the absorbance values as n moles/min using the ε 

of 2.52 x 104 M-1 and normalized as % control.  

 

Mouse stroke model. 12-Lox knockout (B6.129S2-Alox15tm1Fun) and the 

corresponding background C57BL6/J mice were obtained from Jackson 

Laboratory, MI as described previously 3. Transient focal cerebral ischemia was 

induced in 8-10 week old male mice by middle cerebral artery (MCA) occlusion. 

The mice were anesthetized with 1-1.5% halothane in oxygen-enriched air 

delivered through a facemask.  Occlusion of the right middle cerebral artery was 

achieved by using the intraluminal filament insertion technique previously 

described 9, 10. Briefly, a 6-0 nylon monofilament was inserted into the internal 
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carotid artery, via the external carotid artery.  Then the filament tip (approximate 

1.0 mm length and 0.25 mm width) was positioned for occlusion at a distance of 

6 mm beyond the internal carotid artery-pterygopalatine artery bifurcation.  We 

observed that this approach results in a 60-70% drop in cerebral blood flow as 

measured by laser Doppler (DRT4, Moor Instruments, UK). Once the filament 

was secured, the incision was sutured and the animal was allowed to emerge 

from the anesthesia in its home cage.  After 60 min of occlusion, the animal was 

briefly re-anesthetized with halothane in oxygen-enriched air, and reperfusion 

was initiated via withdrawal of the filament.  This surgical protocol typically results 

in a core infarct limited to the parietal cerebral cortex and caudate putamen of the 

right hemisphere.  Throughout the surgery, rectal temperature was maintained at 

37±0.5°C through the use of a homoeothermic blanket system.  Mice were given 

a 0.5 ml subcutaneous injection of lactated Ringer’s solution at the conclusion of 

the surgical procedure, and returned to their home cage for 72h 9, 10.  

Determination of stroke volume. Brains were rapidly removed, placed in a –70oC 

freezer for 2 min, and then sectioned into five 2-mm-thick coronal sections.  

Sections were incubated for 15 min in 2,3,5-triphenyltetrazolium (TTC), with 

rotation every 2 min to allow uniform tissue staining. The TTC solution was 

maintained at 37°C throughout the staining process. Following staining, the 

sections were fixed in 10% buffered formalin solution. The brain slices were 

photographed using a Inquiry software (Loats Associates, Inc, Westminster, MD).  

The images were used to determine infarct size as a percentage of the 

contralateral hemisphere after correcting for edema, as previously described 9, 10. 
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The infarct extended from caudate putamen into surrounding cortex, and was 

visible in 4 out of 5 slices of the brain from control wild-type mice.  

 

Spontaneously hypertensive rat stroke studies I and II. Spontaneously 

hypertensive rats (SHR) were obtained from Harlan, Indianapolis. These inbred 

albino rats have been derived from a nucleus colony obtained from the National 

Institutes of Health, Bethesda, Maryland 

(http://www.harlan.com/strain%20details/rats/sponhyper.html). 

 

Study I: SHR (N=32; male; four weeks old, Harlan, Indianapolis, IN, USA) were 

randomly divided into two groups, control and supplemented. All rats were 

maintained in vitamin E deficient laboratory chow (TD88163, Harlan) from 4-12 

week of age until stroke was performed. Because of the isprenoid side-chain, 

tocotrienol is sensitive to oxidative modification. Supplementation of rodent chow 

with tocotrienol has resulted in poor delivery of tocotrienol to the brain 11. We 

have observed that oral gavaging results in significant delivery of tocotrienol to 

the brain 12. Thus, that route of administration was chosen for this study. The 

control group was orally gavaged with vitamin E stripped corn oil with volume 

matching the mean volume of the supplement in the test group. The supplement, 

Tocomin® 50%, contained 50% tocotrienol and was provided by Carotech Sdn 

Bhd (Perak, Malaysia). Stock supplement solution (0.3 g Tocomin per ml) was 

made in vitamin E stripped corn oil. The test group was orally gavaged with the 

supplement oil at a dosage of 1g Tocomin per kg body weight. The 
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supplementation was done daily (5d/wk) for 8 weeks. Stroke was performed at 

12 weeks of age 20-24h after the last supplementation. 

 

Study II: SHR (N= 42; male; four weeks old, Harlan, Indianapolis) were randomly 

divided into two groups: control group and supplemented. All rats were 

maintained in vitamin E deficient laboratory chow (TD88163, Harlan) from 4-17 

weeks of age until stroke was performed. The control group was orally gavaged 

with vitamin E stripped corn oil with volume matching the mean volume of the 

supplement in the test group. Stock solution of tocotrienol supplement solution 

(0.06 g tocotrienol per ml) was made in vitamin E stripped corn oil. The test 

group was orally gavaged with the supplement oil at a dosage of 50 mg 

tocotrienol kg body weight. Incorporation of orally supplemented vitamin E to the 

brain is a slow process. Longer supplementation period improves bioavailability 

of vitamin E to the brain 12, 13. Compared to the protocol of study I where 

supplementation was performed for 8 weeks, the duration of supplementation in 

study II was increased to 13 weeks (5d /wk). Stroke was performed at 17 weeks 

of age 20-24h after the last supplementation. For both studies, rats were 

maintained under standard conditions at 22±2°C with 12:12 h dark: light cycles. 

All animal protocols were approved by the Institutional Laboratory Animal Care 

and Use Committee (ILACUC) of the Ohio State University, Columbus, OH, USA.  

 

SHR stroke. Male SHR weighing 250-350 grams were fasted for 24 hours prior 

to surgery. Because pre-ischemic hyperglycemia may increase infarct size 14, 
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animals were fasted in an attempt to control for glucose levels. SHR were 

chosen because infarction can be reliably produced in this species with little 

variability in infarct size 15. We have substantial experience with this system 16-18. 

Halothane (1.5-2.0%), mixed with oxygen and nitrogen, was delivered through a 

nose cone using a flow regulator. The tail artery was cannulated with a 

polyethylene catheter to monitor blood pressure and to obtain blood samples for 

assessing physiological variables. Permanent focal neocortical ischemia was 

produced by tandem right common carotid artery (CCA) and middle cerebral 

artery (MCA) occlusion as described 15. Core body temperature was maintained 

at 37oC throughout the procedure with a heat lamp connected to a rectal 

thermistor.  PaO2 was maintained above 80 mmHg during the surgical procedure 

and mean arterial pressure was maintained above 90 mmHg, the lower limit of 

autoregulation in SHR 19 by adjusting the halothane concentration.  Immediately 

after CCA/MCA occlusion, all wounds were sutured closed and the animals were 

allowed to recover from anesthesia. The Institutional Laboratory Animal Care and 

Use Committee have approved all procedures. A single investigator did complete 

surgery for each experiment over a 2-week period on rats delivered from a single 

shipment for each of the two studies (Harlan Sprague-Dawley, Inc, Indianapolis, 

IN). 

 

Arterial blood pressure was monitored throughout the surgical procedure and 

then checked 2-4 hrs after surgery when animals were recovered from the 

anesthesia.  Arterial blood PaO2, PaCO2, pH, glucose, and hematocrit were 
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measured just after tail artery cannulation and repeated just prior to MCA 

occlusion.  Rectal temperatures were recorded at 2-4 h after CCA/MCA 

occlusion.  Hematocrit was measured again during decapitation.  When the 

CCA/MCA occlusion surgery was done under the controlled conditions as 

described above, none of the monitored physiological variables were predictive 

of infarct size.  Despite this fact, to avoid variations in infarct size potentially due 

to physiologic alterations, we had decided that rats with post CCA/MCA occlusion 

PaO2 <70 mmHg, mean arterial blood pressure <100 mmHg, rectal temperature 

>39oC or a > 5% drop in hematocrit would be excluded from the study. 

Specifically, regarding the temperature exclusion criteria Morikawa et al reported 

no differences in infarct size in rats maintained at 36oC for two hours after MCA 

occlusion versus those kept at 39oC.  Furthermore, no association between 

infarct size and temperature was seen for rats in the 36oC and 39oC groups 20.  

 

For harvest of brains, animals were anesthetized with halothane and decapitated 

24h after CCA/MCA occlusion in all experiments. Because infarct volume 

provides an objective numeric value, it was chosen as the primary outcome 

measure.  Functional scoring systems were not used because of the subjective 

nature of assessments and the arbitrary numeric value assignment 21.  Infarct 

volume was measured 24h after MCA occlusion because infarct margins are 

maximally delineated by this time 22-24. 

 

12-Lipoxygenase phosphorylation in brain tissue 

 xii



ONLINE SUPPLEMENT 

Rat brain tissues (100-150 mg) from study II were used to detect 12-Lox 

phosphorylation. For extraction, brain tissues were pulverized in liquid nitrogen 

and then homogenized in lysis buffer (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 1 

mM Na2EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM β-

glycerophosphate, 1 mM Na3VO4, 1 µg/ml leupeptin and 1mM PMSF) using a 

teflon homogenizer. After homogenization, tissue lysate was centrifuged at 

15,000 rpm at 4°C for 20 minutes. After the first spin, supernatant was collected 

and centrifuged again at 15,000 rpm at 4°C for an additional 20 minutes. The 

clear supernatant was collected and protein concentration determined using BCA 

protein reagent. Immobilized phospho-tyrosine mouse mAb (P-Tyr-100, Cell 

Signaling Technology Inc., Beverly, MA) was used to immunoprecipitate tyrosine-

phosphorylated proteins (200µg protein per sample). The immunoprecipitated 

proteins were separated on a 10% SDS-polyacrylamide gel electrophoresis, and 

probed with anti-12-Lox polyclonal antiserum (Cayman Chemical Inc., Ann Arbor, 

MI).  

 

Histological analyses of SHR brain.  Brains were rapidly removed from the 

cranium.  A small portion of the non-infarcted occipital lobe was removed for 

vitamin E analysis and the remainder of the brain was placed in neutral buffered 

10% formalin for a minimum of 3-4 weeks.  For study II, 6 rats per group were 

utilized for histological examinations.  Brains were dehydrated and embedded in 

paraffin.  Coronal sections, 10 µm thick, were cut at 500 µm intervals.  The 

sections were stained with hematoxylin and eosin.  Study I: Each brain section 
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was magnified using a photographic lens and the infarct area traced onto paper.  

Each drawing was then retraced onto a digitizing tablet interfaced to a computer 

(Matrix v2.0.), which computed infarct areas for each segment. Study II: Digital 

photograph of each brain section were taken using a camera attached to 

microscope. Snappy version 1.0 was used to capture photographs of brain 

sections. Infarct area from digital photographs was measured using WoundMatrix 

software version 2.0 as described previously 25. The total infarct volume was 

calculated by summing the infarcted areas of sequential sections and by 

multiplying the sum with the thickness of sections. Image analysis for the 

experiment was done by a technician blinded to the study group. Intra-observer 

variability using this method on two separate occasions was excellent (product 

moment coefficient of correlation r = 0.98, n =12). All results were analyzed for 

statistical significance using a two-tailed Student’s t test.  

 

Immunohistochemistry. Sections of infarct site and contralateral control site of 

the post-stroke brain were collected in OCT or formalin for different 

immunohistochmical analyses.  

 
Fluro-Jade B staining. Fluoro-Jade is an anionic fluorochrome capable of 

selectively staining degenerating neurons in brain slices. The histochemical 

application of Fluoro-Jade results in a simple, sensitive and reliable method for 

staining degenerating neurons and their processes. Compared to conventional 

methodologies, Fluoro-Jade is a sensitive and definitive marker of neuronal 

degeneration than hematoxylin and eosin (H&E) or Nissl type stains, while being 
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comparably sensitive yet considerably simpler and more reliable than 

suppressed silver techniques.  To determine the neuronal degeneration, frozen 

brain sections (10 µm) were stained using Fluro-Jade procedure 26. Fluorescence 

image analyses: Tissue sections were analyzed by fluorescence microscopy 

(Axiovert 200M, Zeiss, Germany). Image analysis software (Axiovision 4.3, Zeiss, 

Germany) was used to quantitate fluorescence intensity (fluorescent pixels) of 

Fluoro-Jade positive areas (expressed as per mm2 area).    

 

pp60srcand phspho-src staining. Formalin-fixed brain tissue were embedded in 

paraffin and sectioned. The sections (4 µm) were deparaffinized and stained with 

the following primary antibodies: mouse monoclonal antibody to Src (Upstate cell 

signaling solutions, Lake Placid, NY) and rabbit polyclonal antiserum anti-

phospho-Src (Y416) (Upstate cell signaling solutions, Lake Placid, NY). 

 

Vitamin E extraction and analysis Vitamin E extraction and analysis of rat 

brains were performed as described previously using an HPLC-coulometric 

electrode array detector (Coularray Detector – model 5600 with 12 channels; 

ESA Inc., Chelmsford, MA, USA). This system enables the simultaneous 

detection of tocotrienols and tocopherols in the same run as described by us 

previously 12, 27.  
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